carcinogen exposure, thus providing information about the The Center for Adult Disease, Osaka, 1-3-1 Nakamichi, Higashinari-ku, molecular epidemiology of human cancers (4). Clear examples Osaka 537, Japan of this include the C:C → T:T transitions observed in UV- 5 To whom correspondence should be addressed induced skin cancers and the G:C → T:A transversions which are characteristic of aflatoxin B1-induced hepatocellular Mutations of the p53 gene are related to development of carcinomas (5-7). human cancers and their frequencies and spectra, the Prostate cancer is one of the most common malignant latter representing fingerprints left by carcinogens, diseases among American men, and while it has been infrequent provide information about the molecular epidemiology of in Japan, its incidence has recently been increasing (8-10). the disease. Prostate cancer is the most common neoplasm
The available findings for the wide international variation in in American males and although its incidence is still the incidence and mortality rates of patients with prostate relatively low in Japanese people, it has recently been cancer suggest that both genetic and environmental factors increasing with the westernization of life style. To assess play important roles (11) (12) (13) (14) . The p53 gene mutational spectra the frequency and spectrum of p53 gene mutations in for prostate cancers may therefore provide information on the Japanese prostate cancers, we examined a series of 90 underlying causes. We previously reported identification of lesions using polymerase chain reaction (PCR)-singlep53 gene mutations in Japanese prostate cancers, suggesting strand conformation polymorphism (SSCP) analysis. The that they play a role in the progression of a subset of these patients' mean age was 69.3 years (range 57-87). Of malignancies (15) . To pursue this question further, the spectra the total, six were well-, 34 moderately-and 50 poorlyand frequency of p53 gene mutations in Japanese prostate differentiated adenocarcinomas, and the median Gleason cancers were examined and compared with data from Western score was 7.9. Eleven of the 90 cases (12%) had mutations countries. 
mutational spectrum with those reported for American
Samples were immediately frozen after resection and kept at -80°C until use. Cryostat sections were subjected to light microscopic review after and European prostate cancers. In the latter, 61% were hematoxylin and eosin staining by a pathologist experienced in the diagnosis transitions and 33% were transversions. The greater proof prostate cancer. Normal tissues were removed to obtain tissues that portion of transversions in the Japanese population suggests contained more than 75% tumor cells for DNA extraction.
Introduction
From frozen tissues, genomic DNA was purified by standard methods, with
Mutations of the p53 gene are the most common genetic proteinase K digestion, serial phenol and chloroform extractions, and ethanol alteration in human cancers with a role in neoplasm now precipitation.
firmly established (1). Genetic alterations including point,
Polymerase chain reaction (PCR*)-SSCP analysis
deletion and insertion mutations can inactivate the p53 tumor Eleven sets of primers were prepared to amplify DNA fragments covering exons 2-11 of the p53 gene as described previously (15) . Primers were endsuppressor function (2). Such DNA damage may be induced labeled with [γ-32 P]ATP using T4 polynucleotide kinase (Takara, Kyoto, Japan). Samples of 50 ng of genomic DNA were amplified by PCR in a total of 5 µl of reaction mixture, which consisted of 80 nM end-labeled 5Ј and 3Ј *Abbreviations: PCR, polymerase chain reaction; SSCP, single-strand conformation polymorphism; CPG, methylated cytosine-guanine; dNTP, primers, 100 µM each of deoxynucleotide triphosphate (dNTP), 10 mM TrisHCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin and 0.1 U/µl Taq deoxynucleotide triphosphate. four mutations detected in exons 5, two in exon 7, two in Electrophoresis was carried out at 40 W at 18°C with a water jacket. Gels were then dried and exposed to XAR-5 (Kodak, Rochester, NY) at Ϫ80°C exon 9 and one in exons 2, 4 and 8, respectively.
for 0.5-1 h. When abnormal bands were detected by PCR-SSCP analysis, we confirmed them by repeated experiments.
Discussion

DNA sequencing
The present investigation of the frequency and spectrum of DNA was extracted from shifted-bands obtained by PCR-SSCP analysis and fragments were directly subcloned into the pCR vector using a TA cloning p53 gene mutations in a series of 90 primary prostate cancers system kit (Invitrogen, San Diego, CA). They were then sequenced by the in Japanese people, using PCR-SSCP analysis, revealed 11
Sanger di-deoxynucleotide method with a Sequenase Ver. 2.0 kit (United (12%) to be positive, with preferential detection in late stage
States Biochemical, Cleveland, OH).
disease. Thus seven of 25 stage D cancers (28%) had mutations
Statistical analysis
as compared with only one of 25 stage B (4%) lesions. In
Associations between p53 mutations and other factors were evaluated using addition, 10 of the 11 samples were also high grade in terms χ 2 . The criterion for significance was P Ͻ 0.05.
of the Gleason score 7-9 (average 8.1) as compared with 7.9 for the entire study population. This study indicates that Results p53 gene mutations mainly involve late-stage and high-grade Analysis of p53 gene mutations in 90 prostate cancers prostate cancers in Japanese men, which is in line with previous reports from America (18, 19) . The PCR-SSCP analysis of exons 2-11 of the p53 gene was performed for all 90 samples. PCR products that showed band Mutations of the p53 gene have been detected in most human tumors, the majority being of the mis-sense type, in shifts on PCR-SSCP analysis were subcloned and sequenced. For each case, the sequences of 10 subclones were determined.
conserved regions of the nucleotide sequence, which leads to amino acid substitutions in the protein (2,20). It has been For example, no. 11 showed a band shift in exon 9 due to a TAT to TAG transversion of codon 90 (Figure 1) . Mutations established that DNA damage can be induced by various factors including endogenous and exogenous carcinogens and of the p53 gene were detected in a total of 11 of 90 samples (11%). Table II summarizes details of these positive cases.
that particular agents induce specific DNA base changes (21) . Therefore, p53 gene mutational spectra in tumors may represent The mean age of the affected patients was 70.5 years and not appreciably different from the mean of 69.3 years for the fingerprints left by specific carcinogen exposure (3,4,22). A correspondence between mutational type detected in human entire study population. The clinical stages were one stage B, three stage C and seven stage D cancers to give incidences of tumors and that in laboratory studies of the putative carcinogen has been reported. For example, specific mutations found in 4%, 9% and 28%, respectively. This correlation with clinical stage was found to be statistically significant (χ 2 ϭ 6.3, patients with hepatocellular carcinomas from Africa and China were G → T transversions (6,7). In the laboratory, aflatoxin P Ͻ 0.05). The involved samples were all moderately or poorly differentiated adenocarcinomas, and 10 of 11 samples B1 binds preferentially to G residues in GC-rich regions and induces G → T transversions almost exclusively (23) . were high grade in terms of the Gleason score (7-10). However, the relationship between p53 gene mutations and histological
Although only a relatively limited number of tumors were analyzed in the present study, the data present clear evidence grade or the Gleason score was not significant statistically.
We detected nine missense mutations, one nonsense mutation of variation in the p53 gene mutational spectra for prostate cancers between Japanese and Western cases (Table III) and one frameshift mutation, the latter being a G insertion in exon 9. Of the base substitution mutations, six (55%) were (15, 18, 19, (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . In American and European prostate cancers, transitions predominate (69%) with G:C → A:T transitions at transversions and four (36%) were transitions. Two of the Differences in prostate cancer The frequent G:C → C:G transversions detected in Japanese Greenblatt's report, it is possible that p53 may be inactivated In conclusion, the present study demonstrates that p53 gene Others 1 (9%) 3 (10%) 4 (5%) mutations are predominantly detected in advanced prostate Total 11 29 74 cancers in Japanese men with a clear difference in the mutational spectrum of the p53 gene as compared with American and European cases. Thus the involvement of CpG accounting for 32%. These latter transitions are due to different causative agents is indicated. frequent methylation of cytosine to 5-methylcytosine and subsequent spontaneous deamination to thymine (34) (35) (36) . This mutation is thought to result from spontaneous or endogenous
